Abstract-Obesity is known as a main cause of diabetes and cardiovascular disease. However, the relationship between blood glucose and cholesterol levels among the obese subjects who are diagnosed as pre-diabetic is indistinct and still undergoing. Thus, this study is mainly focused on finding the linkage between blood glucose and cholesterol levels in the pre-diabetic subjects as to explain the cause of diabetes and cardiovascular. 90 subjects (42 male and 48 female; age between 22-58 years old) were recruited in Universiti Malaysia Pahang to undergo oral glucose tolerance test which typically being used to diagnose pre-diabetes and diabetes. The blood test results indicate the glucose level and lipid profile (i.e. the cholesterol levels) of the subjects. Results obtained from pathology lab were analyzed using decision tree to show the difference of blood glucose and cholesterol levels along with their age, systolic blood pressure and body mass index. Overall, older people, high systolic blood pressure, cholesterol and BMI levels have higher probability to be detected as pre-diabetic. Thus, further analyses need to be conducted to prevail the relationship of diabetes and cardiovascular disease among aging and obese subjects.
INTRODUCTION
Diabetes mellitus (DM) can be defined as "a metabolic disorder of multiple aetiology characterized by chronic hyperglycaemia with disturbances of carbohydrate, fat and protein metabolism resulting from defects in insulin secretion, insulin action or both" as been reported in 1999 by WHO [1] . Insulin is a hormone that secreted in the pancreas by β-cells of the islets of Langerhans. It acts as a protein that control glucose level in human body. If the concentration of insulin decreases, glucose is unable to penetrate in cells and tissues then, lead to the increasing glucose level which is called diabetes mellitus [2] . Pre-diabetes is condition where the blood glucose level is above normal level but not high enough to be diagnosed as DM. Pre-diabetes divided into two which are impaired fasting glucose (IFG) which their fasting blood glucose (FBG) level is more than 5.5 mmol/L and impaired glucose tolerance (IGT) which their 2-hour blood (2hPP) glucose level is more than 7.7 mmol/L. Total cholesterol (TC) indicates the amount of all cholesterol present in our body. Normal total cholesterol level is not more than 5.2 mmol/L. HDL (High Density Lipoprotein) also known as good cholesterol due to its function that aid in eliminates the bad cholesterol. Low Density Lipoprotein, LDL is the cholesterol that accumulates and narrowing human blood arteries and LDL level should be lower than 2.6 mmol/L to be safe [3] .
Cardiovascular disease (CVD) and DM are having strong clinical correlation based on previous research studies [4] [5] [6] [7] [8] [9] [10] [11] . Diabetic patients have higher risk in develop CVD [12] and it turns out to be that CVD is the major cause of mortality and morbidity in pre-diabetes and DM [13, 14] . Blood cholesterol level is significantly related to CVD as the risk getting CVD is elevated with the increases of lipid profiles (cholesterol levels) [15] . It is concerning matters that these two are known as incurable disease. Plus, many cases that DM was lately discovered and fail to be treated in early stages. So, early detection of the disease needed as well-known said prevention is better than cure. Along with the symptoms associated with DM, cholesterol level, body mass index (BMI), systolic pressure and age also contributed as risk factor of both DM and CVD. In addition, the most repeatedly studied problems in DM are the classification [16] . Thus, through this research study, the solution are (i) measure blood glucose and cholesterol levels among normal and pre-diabetic using OGTT (ii) quantify the range of cholesterol levels, BMI, systolic pressure and age for pre-diabetic and (iii) study the correlation between cholesterol and blood glucose levels for normal and pre-diabetic using artificial intelligence methods.
II. RELATED WORK
For testing differences between populations' means between two non-paired samples, t-test is the standard test to achieve that purpose. However, if the samples are small and it commonly having non-normal populations, the t-test may not be valid. As an alternative, the rank sum test was used in this study due to the small sample (n=90) to test for equal medians of two independent samples. Decision tree is a non-parametric classification and regression that predict responses to data by follow the decision of th tree from root (beginning) node down to a leaf note, where the responses present. Regression tree give numeric responses meanwhile classification trees responses to the nominal such as 'true' or 'false'. It is binary because it only involves one variable checking in each step. Fig. 1 below shows the example of decision tree that classify based on two predictors, x1 and x2. Let's go through, start at the top node, represented as triangle (∆). The first decision is whether x1 is smaller than 0.5. If smaller, follows the left branch and tree classifies the data is type A. If larger than 0.5, follows the right branch to another decision node (∆). Here, if x2 smaller than 0.5, follow left branch then classifies as type A. Else, x2 larger than 0.5, tree classified it as type B. 
A. Participants
The subjects for this research study have been selected randomly by having a total of 90 participants; 42 male and 48 female; age between 22-58 years old. However, there are several characteristics of a person that need to be excluded from being volunteers for their own safety and for the accurate result. First, if the person has been diagnosed with DM or any other disease that gives impact to the glucose metabolism. Second, if the person has gestation and lactation. Third, if the person has taken medication that affect glucose metabolism within duration of 3 months [17] . Fourth, if the person has a serious cardiovascular disease medical disease [18] .
B. Data Collecting
All volunteers need to fast overnight before taking blood test on the next morning. The fasting conditions in OGTT means that no consuming of water and coffee, no use of tobacco (smoking), no medication and no anti-diabetic medications. However, normal physical activities were allowed. Amount of carbohydrates intake for each participants must more than 150 g for the past 3 days before test [18] .
A consent form and a set of questionnaire containing 4 parts which are personal information, dietary habits, lifestyle and medical history were distributed to each subject just before the OGTT test. The non-detail process flow to obtain kinetics blood glucose and cholesterol levels were shown in Fig. 2 and TABLE I below. In
Step 1, the blood glucose and blood cholesterol levels were recorded at baseline which is at t = 0 minutes by drawing participant's vein blood. Shortly after that, the glucose concentration was given to subject. The glucose concentration was a diluted of 75 grams of granulated sugar in 250 ml warm drinkable water. The usage of warm water was due to the dilution of sugar in warm water was faster than in cold water. The dilution process must take time over a period of 5 minutes to make sure the granulated sugar was fully diluted in the water [18] .
In
Step 3, the measurements of blood were recorded at t = 60 min and t = 120 min. At t = 60 minutes, the random blood test was done by pricking one of the participant finger and processed by self-monitoring blood glucose and ketone device. Meanwhile at t = 120 minutes, the participant's vein blood sample were drawn once again to obtain blood glucose measurement. All participants' vein blood was drawn by Pusat Kesihatan Universiti Malaysia Pahang staffs. All vein's blood x1 < 0. sample was then sent to the Pantai Premier Pathology laboratory to obtain the blood glucose and cholesterol levels.
Finally in
Step 4, the collected data containing measurement of blood glucose and cholesterol levels of all participants along with questionnaire data were analyzed by using MATLAB R2016a TM software.
C. Data Statistical Testing
The Wilcoxon rank sum test in MATLAB is equivalent to the Mann-Whitney U test. Rank sum performs test for two indipendent samples that assume come from continuous distriobutions. Paired samples can be differents in length as ranksum treats NaNs as missing value and removes them. H=0 indicates that null hypothesis cannot be rejected at 5% significance level and conclude that the paired sample has equal median [19, 20] .
D. Data Processing
Machine learning includes supervised learning, unsupervised learning and reinforcement learning. In this research paper, it involved two types which are supervised learning (decision tree) and unsupervised (hierarchical clustering). The training data for decision tree is labeled with condition of participants based on blood glucose levels which are normal, IFG, IGT and both. Meanwhile, hierarchical clustering was given unlabeled data so that the patterns of the data can be obtained.
Decision tree using fitctree function perform steps as follows. First, start with all input data and examine all possible binary splits on every predictor and choose the split having best optimization criterion. Then, impose the split. Lastly, repeat recursively for the two child nodes until the node is pure where observations contain only one class.
IV. RESULTS AND DISCUSSION

A. Ranksum test
TABLE II below shows the result of rank sum test for fasting blood glucose (FBG), two hours blood glucose (2hPP) and total cholesterol (TC), non-HDL, LDL, c/HDL ratio, age, BMI and systolic blood pressure (sysBP) levels at alpha value equal to 0.05. The p-value which is less than alpha value are statistically significant. In this study, if the p-value meets that condition, it means that the pair has significant difference to each other.
By referring to TABLE II below, it shows that FBG and 2hPP does not have significant difference with TC level since the p-value is larger than 0.05. Thus, the range of TC for healthy and pre-diabetic cannot be quantified. Although, previous reports shows high TC level contributed to the CVD and type 2 DM [21] and acts as the predictor of CVD among diabetic and dyslipidemic patients in Malaysian [22] . In addition, TC is the summation of HDL and non-HDL levels and TC having advantages that it includes all measurement of cholesterol containing lipoproteins Non-HDL and LDL levels are not the same as non-HDL level is actually includes LDL and other substances (undiscovered). This shows when subtraction of HDL and LDL levels from TC level, [(5.8 -1.2 -3.7) mmol/L = 0.9 mmol/L], there is remaining amount of 0.9 mmol/L that prove the presence of other substances besides HDL and LDL in TC level. Plus, there is a probability that TC can overestimates CV risk in those with high HDL level which is a good cholesterol in our body [23] . Thus, it shows that the insignificant of statistical testing TC level result in this study justified due to the previous study claim as mentioned earlier.
Meanwhile, result for rank sum test tabulated in TABLE II also shows that LDL, non-HDL, C/HDL ratio, age, BMI and systolic pressure are statistically significant as their p-value are less than 0.05 and their range can be quantified for healthy subject and pre-diabetic. TABLE III shows the example of blood cholesterol test result of a person and how to determine non-HDL, LDL levels and C/HDL ratio conditions, it means that the pair has significant difference to each other.
Previous studies [14, [24] [25] [26] mentioned that older people with DM are highly risk which having 10 times probabilty to develop CVD events CVD than older people without type 1 DM. Then, another previous studies also shows the BG level of subject with pre-hypertension and hypertension is higher than in normotension subjects of non-diabetic [27, 28] . Overweight and obese person was well-known has BMI value more than 25 is having high risk in developing CVD and DM [29] . Thus, these previous study supported the significant statistical result of age, BMI and systolic pressure.
B. Decision tree
Decision tree is a simple model functionally to predict categorical or numerical outcomes. Decision tree involves segmenting predictor space into a number of simple regions. For decision tree, the data set was divided is divided into 70% of training datasets (model) and 30% of testing datasets (prediction). The purpose of dividing the datasets is for verification of the model's prediction is accurate. Fig. 3 below show the decision tree for blood cholesterol level. The first condition obtained from decision tree in green doted rectangle below shows that a person may be diagnosed having IFG if he/she has LDL level greater than 2.85 mmol/L even if that person having non-HDL level lower than 3.3 mmol/L. To be highlighted, 2.85 mmol/L of LDL level are slightly above optimal value of LDL and is the most important for evaluating CVD risk [23] . It is supported by Urbina et. al. reported in 2010 that type 1 diabetic has higher LDL-C level which is more than 2.6mmol/L [30] . It means that pre-diabetic person has probabilty having higher LDL value. Referring to red doted oval above in Fig. 3 , if LDL more than 3.25 mmol/L, non-HDL is more than or equal to 3.3 mmol/L and C/HDL ratio is more or equal to 6.2, a person may be diagnosed as pre-diabetic which is IFG if he/she meets all the conditions mentioned above. Accoring to American Heart Association, a person should have C/HDL ratio less than 5 and the ideal ratio is 3.5. From Framingham Study, C/HDL ratio of 5 shows average risk value for a men getting CVD and the risk may double if the ratio is 9.6. Meanwhile for women, the risky ratio is 4.4 and the risk getting CVD may double when the ratio is 7. From that, it can correlates C/HDL ratio above 6.2 increase risk for a person getting CVD and prediabetic [31] .
However, even if a person having C/HDL ratio less than 6.2 and LDL less than 3.85 as referred to purple doted oval below, he/she may be diagnosed as IFG if having non-HDL level more than or equal to 4.35 mmol/L. Previous studies suggested that having non-HDL value more than 3.4 mmol/L increase risk to a person getting CVD and acknowledged as a strong predictor of CVD and death in patients with type 2 DM [32, 33] . Thus, it relates that LDL also links CVD and prediabetic and LDL level strong enough as a risk factor to CVD and pre-diabetic. Fig. 4 below shows the decision tree for BMI level. BMI is equal to the weight of participant (in kg) divided by square of height of the participant (in m 2 ). According to WHO, BMI divided into five classes as follows (normal: <25BMI, preobese: ≥25BMI, obesity class 1: ≥ 30BMI, obesity class 2: ≥ 35BMI and obesity class 3: ≥ 40BMI) [34] . In purple doted circle below, it shows that having BMI classifies as pre-obese lead to IFG. This result supported by previous report [35] that stated 72% of type 2 diabetic was obese and having mean BMI of 27.8 kg/m 2 which categorized as pre-obese. However, in doted orange rectangle below, decision tree shows that having normal BMI level also may lead to both condition which are IFG and IGT. To be considered that, the one of the effects of having DM is experience weight loss. From here, we can relate that pre-obese person having higher chances getting IFG and person with normal BMI also have probability having both conditions. According to Framigham study, subjects with SBP130-139mmHg and/or DBP85-89mmHg classified as prehypertension is more risky to develop CVD [36] and it may convert to hypertension by times [37] [38] [39] [40] . Moreover, hypertension was also a predictor of developing type 2 DM [41] [42] [43] [44] [45] . Consequently, there is previous studies that showed the BG level of subject with pre-hypertension and hypertension is higher than in normotension subjects of nondiabetic [27, 28] . Thus, it supported that having high blood pressure may lead to pre-diabetes. As can be seen in red doted oval below, participant with age more than 55 years old have chances to be diagnosed for IGT. In green doted oval shows that, as earlier as 30 years old age, person may have probability having IFG. As stated by reports in [24] [25] [26] , the age risk factors criteria as for man ≥45 or woman ≥55 years old. Probability of getting to CVD of a person might increases due to human blood vessels became fragile as getting older, consequently increase BP level due to the increasing tension from transport the blood cell throughout body. Plus, the body function of older people deteriorates includes abnormalities of glucose metabolism that may lead to DM. in contrast, younger person which age is 29 years old and below most probably will having normal blood glucose.
V. CONCLUSION
In conclusion, this research found that TC values are nonsignificant to FBG and 2hPP, thus TC does not statistically related to 2hPP and FBG. Yet, their relationship cannot be determined. Other factors like non-HDL, LDL, C/HDL ratio, age, BMI and sysBP are statistically significant to FBG and 2hPP. If a person having one or more of these conditions:, LDL level above 2.85 mmol/L, non-HDL level above 4.35 mmol/L, C/HDL ratio above 6.2 mmol/L, BMI above 25, systolic pressure above 134.5 mmol/L and age above 55, then higher probability for that particular person for getting DM. the quantify range above also match with the risk factor of CVD. For recommendations, increases the number of sample so that more specific range can be quantified for pre-diabetic. Then, suggestion to use other decision support system likes Nearest Neighbor and Naïve Bayes to increase the accuracy of obtained result.
